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Introduction 


The  use  of  computer  technology  in  clinical  audiometric 
equipment  has  become  wide-spread.  Microelectronics  has 
revolutionized  screening,  clinical,  and  immittance  audiometers 
and  made  clinical  brain  stem  audiometry  commonplace.  However, 
the  electromechanical  recording  attenuator  used  in  real -ear 
attenuation  testing  of  hearing  protective  devices  (ANSI 
S12. 6-1984)  has  not  benefitted  from  these  recent  advances  in 
instrument  technology.  T'  before,  a  CMOS  Logarithmic  D/A 
Converter  chip  which  coula  be  computer  controlled  and  used  as 
a  programmable  audio  attenuator  was  used  to  replace  the 
obsolete  recording  attenuator.  The  D/A  chip  was  installed  on 
a  circuit  board  and  interfaced  to  a  tabletop  computer  via  a 
parallel  interface  for  control. 

Since  the  new  audio  circuitry  was  controlled  by  a 
computer  system,  a  choice  of  psychophysical  procedures  for 
threshold  testing  was  possible.  The  tracking  method  described 
by  Bekesy  (1947)  has  been  used  at  the  U.S.  Army  Aeromedical 
Research  Laboratory  (USAARL) ,  Fort  Rucker,  Alabama,  in  the 
past;  however,  Hirsh  (1952)  has  observed,  "Perhaps  the  easiest 
and  quickest  v/ay  to  obtain  a  threshold  measurement  with  an 
intelligent  observer  involves  the  method  of  adjustment."  The 
relative  merits  of  tracking  and  adjustment  were  assessed  and 
it  was  decided  to  take  advantage  of  the  flexibility  of 
computer  technology  by  developing  software  programs  for  both. 
This  study  reports  the  comparison  of  results  obtained  from 
those  two  procedures. 


Methods 


Subjects 

Ten  college  students  with  normal  hearing  were  selected  as 
subjects.  They  were  required  to  have  hearing  thresholds  for 
both  ears  no  greater  than  10  dB  at  test  frequencies  from  250 
to  1000  Hertz  and  no  greater  than  20  dB  at  the  higher  test 
frequencies  as  measured  on  a  standard  audiometer  (ANSI 
S3. 6-1969) . 


Instrumentation 

The  auditory  threshold  and  real-ear  attenuation  tests 
were  accomplished  in  a  custom-built  audiometric  examination 
room  measuring  10'  X  9' 4"  X6'6"  (1  X  w  X  h)  located  at  USAARL. 
This  room  was  modified  to  meet  the  reverberation 
characteristics  specified  in  ANSI  S12. 6-1984.  All  tests  were 
accomplished  in  a  sound  field  consistent  with  that  standard. 

No  tests  were  made  under  earphones. 
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Signal  intensity  and  linearity  were  calibrated  to  the 
test  space  as  required  by  ANSI  S12. 6-1984.  A  plumb-bob  was 
used  to  maintain  the  subject's  head  position  in  the  calibrated 
test  space. 

The  signals  used  in  the  test  were  one-third  octave  bands 
of  noise  with  center  frequencies  at  125,  250,  500,  IK,  2K, 
3.15K,  4K,  6.3K,  and  8K  Hz.  The  test  signals  were  generated 
and  controlled  by  the  instrumentation  shown  in  Figure  1.  The 
noise  generator  (Bruel  and  Kjaer  (B&K)  Type  1405*)  was  set  to 
deliver  white  noise  to  the  band  pass  filter,  B&K  type  1618. 

The  selected  band  of  noise  was  input  to  the  electronic  switch, 
i  Grason-Stadler  Type  1287B,*  which  was  pulsed  with  a  1  Hz 

symmetrical  square  wave  control  signal.  The  rise  and  fall 
times  of  the  electronic  switch  were  adjusted  to  30  milli¬ 
seconds  to  exclude  audible  transients  during  on-off  and  off- 
on  transitions  of  the  test  signal.  Signal  intensity  was 
controlled  with  an  Analog  Devices  CMOS  Logarithmic  D/A  Con¬ 
verter,  Model  AD7111LN*  and  a  B&K  power  amplifier,  type  2706. 
Both  the  D/A  converter  and  the  filter  were  under  program 
control  of  a  Hewlett-Packard  (HP)  Table  Top  Computer,  Model 
9845B*  via  an  HP  model  98032-A*  16-bit  parallel  interface. 

A  multikey  touch  pad  was  interfaced  to  the  computer  and 
used  by  the  subjects  to  control  signal  intensity.  During  the 
tracking  sessions,  only  one  key  was  required  to  indicate  when 
the  signal  was  heard.  For  the  method  of  adjustment  sessions, 
five  keys  were  used.  Four  were  used  to  control  signal  inten¬ 
sity  as  follows:  fast  increase,  slow  increase,  fast  decrease, 
slow  decrease;  and  the  last  key  to  indicate  the  subject  was  at 
threshold.  Data  points  were  recorded  in  terms  of  attenuator 
settings. 


Procedures 

The  design  of  this  study  follows  the  general  case  of 
repeated  measures  as  discussed  by  Keppel  (1973) .  To  preclude 
any  procedural  bias,  subjects  with  no  experience  in  real-ear 
attenuation  testing  were  selected  to  participate.  All 
procedures  used  in  this  study  comply  with  paragraph  3  of  ANSI 
S12. 6-1984.  The  same  listeners  were  used  for  both  the  track¬ 
ing  task  and  the  method  of  adjustment.  Half  of  the  subjects 
accomplished  the  tracking  procedure  first  while  the  other  half 
completed  the  method  of  adjustment  procedure  first. 

The  study  was  divided  into  two  parts;  first,  the  com¬ 
parison  of  soundfield  auditory  threshold  measurements  using 


*  See  manufacturers'  list 
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the  two  procedures.  For  this  part  of  the  experiment,  6  thres¬ 
hold  measurements  were  obtained  on  3  different  occasions  for 
each  procedure  for  a  total  of  18  threshold  measurements  for 
each  subject  for  each  method.  The  second  part  of  the  study 
involved  the  standard  measurement  of  real-ear  attenuation  for 
a  circumaural  hearing  protector  (a  David-Clark  model  9AN/2 
earmuff*)  using  each  procedure.  Compliant  with  the  standard, 
three  free-field  and  three  attenuated  threshold  were  measured 
for  each  proceedure.  These  data  also  were  collected  on  two 
separate  occasions  for  a  total  of  eight  data  collection 
sessions  for  each  subject. 

For  the  tracking  method,  the  subject  controlled  the 
signal  level  as  described  by  Bekesy  (1947) .  The  computer 
recorded  10  reversal  points.  The  threshold  level  for  each 
test  freguency  was  calculated  as  the  average  of  the  atten¬ 
uation  settings  at  these  10  reversal  points. 

For  the  method  of  adjustment,  the  test  signal  was  pre¬ 
sented  to  the  subject  at  a  random  intensity.  The  subject  used 
the  keypad  to  control  signal  intensity  as  described  above  and 
to  indicate  to  the  computer  when  his  threshold  was  reached. 
Four  threshold  responses  were  recorded  and  tested  against  a 
range  criterion  of  no  more  than  4  dB.  If  the  four  responses 
failed  to  meet  this  criterion,  additional  trials  were  admin¬ 
istered  until  four  successive  responses  fell  within  the  4  dB 
range.  When  the  criterion  was  met,  an  average  was  calculated 
for  the  four  accepted  responses  and  that  average  was  taken  as 
the  threshold  for  that  subject  at  that  frequency.  The  same 
procedure  was  followed  for  each  test  frequency. 

The  data  acquired  by  both  methods  were  stored  on  magnetic 
tape.  Anecdotal  comments  made  by  the  subjects  about  each  pro¬ 
cedure  were  noted. 


Results 


The  means  and  standard  deviations  of  the  sound  field 
threshold  data  for  all  subjects  by  frequency  for  each  psycho¬ 
physical  procedure  are  summerized  in  Table  1.  It  should  be 
noted  that  attenuator  dB  settings  are  arbitrary  values  which 
are  dependent  on  the  specific  associated  instrumentation.  The 
thresholds  are  not  adjusted  to  audiometric  zero,  but  values 
are  consistent  between  the  two  methods  because  the  same 
instrumentation  is  used  for  both. 
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Table  1 


Means  and  standard  deviations*  of  attenuator  dB  settings 
for  each  psychophysical  procedure  for  each  frequency  band 


One-third  octave  Method  of  ajustment  Tracking  method 


center  frequencies 

Mean 

S.D. 

Mean 

S.D. 

125 

Hz 

57.43 

4.93 

54.86 

5.62 

250 

Hz 

61.74 

5.69 

61.03 

5.36 

500 

HZ 

74.23 

6.04 

74.03 

6.14 

1000 

HZ 

76.28 

4.94 

77.23 

5.20 

2000 

HZ 

79.71 

4.50 

80.17 

4.47 

3150 

Hz 

81.90 

2.82 

82.74 

4.20 

4000 

Hz 

81.22 

4.06 

81.75 

4.10 

6300 

Hz 

74.75 

3.70 

74.90 

4.63 

8000 

Hz 

72.45 

4.55 

71.69 

5.32 

*  Based  on  180  threshold  determinations  per  frequency. 


A  linear  regression  analysis  of  the  threshold  data  for 
each  procedure  for  each  test  session  and  for  all  sessions 
across  subjects  was  completed  and  the  results  are  in  Table  2. 
These  data  were  recorded  in  attenuator  dB  settings  with  no 
adjustment  made  for  the  between  frequency  differences  in  the 
sensitivity  of  the  human  ear.  Had  this  been  accomplished,  the 
variance  across  frequencies  would  have  been  reduced  and  the 
standard  deviations  would  have  been  substantially  smaller. 

The  high  correlation  between  the  two  procedures  is  as 
expected . 


Table  2 

Mean,  standard  deviation,  and  correlation  coefficient 
of  attenuator  dB  settings  obtained  using  two  ps/cnophysical 
procedures  for  all  subjects,  across  frequencies  and  days 


Day  Method  of  adjustment  Tracking  method  Correlation 


Mean 

S.D. 

Mean 

S.D. 

coefficient 

1 

69.94 

11.48 

71.05 

12.55 

.97 

2 

71.40 

11.48 

70.56 

11.83 

.90 

3 

71.24 

11.81 

70.60 

13.02 

.94 

1-3 

70.93 

11.57 

70.71 

12.43 

.93 
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The  raw  data  were  reanalyzed  to  determine  the  effect  of  a 
less  stringent  range  criterion  for  the  method  of  adjustment. 

A  comparison  of  the  average  differences  in  thresholds  obtained 
when  5  dB  or  6  dB  criteria  were  used  rather  than  the  4  dB 
criterion  is  contained  in  Table  3.  The  differences  between 
the  threshold  averages  obtained  using  the  5  dB  and  6  dB  vs  4 
dB  range  criteria  are  well  within  the  range  of  acceptable 
variability  for  auditory  threshold  determination  (Hirsh, 

1952)  . 


Table  3 


Absolute  differences  in  average  threshold  measurements 
obtained  from  4  vs  5  and  4  vs  6  dB  criteria  of  acceptable 
range,  by  frequency  and  days  (measured  in  dB) 


Third 

-octave  test 

center  frequency 

in  Hertz 

125 

250 

500 

1000 

2000 

3150 

4000 

6300 

8000 

Day  1 

4  vs  5  dB 

Mean  .050 

.088 

.  125 

.000 

.125 

.200 

.038 

.  113 

.050 

S.D.  .120 

.181 

.219 

.  151 

.  128 

.267 

.074 

.083 

.  093 

4  vs  6  dB 
Mean  .075 

.125 

.188 

.000 

.  163 

.263 

.  113 

.175 

.  050 

S.D.  .175 

.183 

.398 

.169 

.160 

.297 

.203 

.175 

.093 

Day  2 

4  vs  5  dB 

Mean  .080 

.030 

.080 

.010 

.090 

.090 

.060 

.000 

.030 

S.D.  .155 

.  116 

.  132 

.099 

.137 

.  137 

.  108 

.  047 

.048 

4  vs  6  dB 
Mean  .070 

.  100 

.  130 

.010 

.  110 

.  140 

.070 

.  090 

.  000 

S.D.  .170 

.  189 

.157 

.129 

.166 

.158 

.  106 

.185 

.067 

Day  3 

4  vs  5  dB 

Mean  .010 

.020 

.020 

.020 

.000 

.040 

.060 

.  030 

.  100 

S.D.  .160 

.  114 

.220 

.  103 

.  094 

.  097 

.165 

.  116 

.  105 

4  vs  6  dB 
Mean  .010 

.000 

.070 

.010 

.  010 

.030 

.090 

.  040 

.  110 

S.D.  .173 

.133 

.  289 

.  152 

.  110 

.  134 

.173 

.  126 

.  185 

Days  1-3 

4  vs  5  dB 

Mean  .039 

.043 

.071 

.011 

.068 

.104 

.054 

.  043 

.  039 

S.D.  .147 

.  135 

.190 

.  113 

.  128 

.  179 

.  120 

.  096 

.099 

4  vs  6  dB 
Mean  .043 

.071 

.  125 

.007 

.089 

.  136 

.089 

.096 

.054 

S.D.  .171 

.172 

.281 

.  144 

.  155 

.215 

.  157 

.  167 

.  132 
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Tables  4,  5,  and  6  demonstrate  the  relative  efficiency  of 
the  4  dB,  5  dB,  and  6  dB  criteria  for  acceptable  ranges  in 
terms  of  cumulative  proportion  of  subjects  who  were  able  to 
complete  the  task  in  a  given  number  of  trials.  The  maximum 
number  of  trials  required  by  any  subject  also  is  reported.  As 
expected,  the  larger  the  criterion,  the  more  quickly  the  task 
could  be  completed.  The  6  dB  criterion  allowed  completion  of 
the  task  with  many  fewer  trials  per  frequency  while 
maintaining  accuracy  and  reducing  test  time. 

For  the  second  part  of  the  experiment,  both  procedures 
were  used  to  test  the  real-ear  attenuation  of  the  same 
circumaural  device,  a  David-Clark  model  9AN/2  earmuff.  Table 
7  contains  the  mean  attenuation  and  standard  deviation  values 
for  each  test  frequency  obtained  from  the  two  proceedure.  The 
contents  of  this  table  were  compared  using  a  t-test  of 
significance  at  the  .05  level  of  confidence.  No  significant 
difference  was  discovered  between  real-ear  attenuation  results 
measured  with  the  two  procedures  at  any  frequency. 
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Table  7 


* 


Average  dB  of  real-ear  attenuation  obtained  from 
the  David-Clark  9AN/2  earrauff  as  measured 
using  each  psychophysical  test  procedure 


Third-octave  test 
center  frequencies 

Method  of  ajustment 
Mean  S.D. 

Tracking 

Mean 

method 

S.D. 

125 

HZ 

16.04 

2.95 

15.69 

3.10 

250 

HZ 

20.84 

4.59 

22.35 

4.05 

500 

HZ 

27.50 

4.17 

28.99 

4.25 

1000 

HZ 

29.22 

4.39 

30.87 

3.25 

2000 

Hz 

26.87 

2.90 

28.60 

3.81 

3150 

Hz 

24.60 

2.65 

25.25 

3.82 

4000 

Hz 

26.71 

2.28 

28.17 

3.31 

6300 

Hz 

27.62 

3.54 

29.40 

3.46 

8000 

Hz 

27.66 

4.49 

28.56 

4.11 

Table  8  contains  cumulative  percentages  of  successful 
trials  for  each  criterion  obtained  during  testing  of  the 
David-Clark  9AN/2  earmuff.  Again,  the  greater  efficiency  of 
the  6  dB  criterion  is  demonstrated  clearly. 


Conclusions 

It  can  be  concluded  from  the  results  of  this  study  that: 
1)  computer  implementation  of  both  procedures  is  practical;  2) 
microcircuits  can  be  adapted  for  laboratory  applications;  3) 
the  psychophysical  procedures  of  tracking  and  method  of 
adjustment  yield  similar  results  for  threshold  tasks;  4)  range 
criteria  of  4,  5,  or  6  dB  all  yield  similar  threshold  and 
attenuation  results;  5)  the  6  dB  criterion  is  more  efficient 
since  fewer  trials  are  required  to  complete  the  test;  and  6) 
subjects  report  a  preference  for  the  method  of  adjustment. 

This  is  consistent  with  Hirsh's  (1952)  observations . 
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Cumulative  percentage  of  successful  completion  of  the  threshold  determination  for  day  4 
_ for  the  indicated  number  of  trials  usinR  a  range  criteria  of  4,  5,  and  6  dB _ 
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Initial  distribution 


Commander 

U.S.  Army  Natick  Research 
and  Development  Center 
ATTN:  Documents  Librarian 
Natick,  MA  01760 

Naval  Submarine  Medical 
Research  Laboratory 
Medical  Library,  Naval  Sub  Base 
Box  900 

Groton,  CT  05340 

Commander/ Director 
U.S.  Army  Combat  Surveillance 
&  Target  Acquisition  Lab 
ATTN:  DELCS-D 

Fort  Monmouth,  NJ  07703-5304 
Commander 

10th  Medical  Laboratory 
ATTN:  Audiologist 

APO  NEW  YORK  09180 

Commander 

Naval  Air  Development  Center 
Biophysics  Lab 
ATTN:  G.  Kydd 

Code  60B1 

Warminster,  PA  18974 

Naval  Air  Development  Center 
Technical  Information  Division 
Technical  Support  Detachment 
Warminster,  PA  18974 

Dr.  E.  Hendler 

Human  Factors  Applications,  Inc. 
295  West  Street  Road 
Warminster,  PA  18974 


Under  Secretary  of  Defense 

for  Research  and  Engineering 
ATTN:  Military  Assistant 

for  Medical  and  Life  Sciences 
Washington,  DC  20301 


Commander 

U.S.  Army  Research  Institute 
of  Environmental  Medicine 
Natick,  MA  01760 


U.S.  Army  Avionics  Research 
and  Development  Activity 
ATTN:  SAVAA-P-TP 
Fort  Monmouth,  NJ  07703-5401 


U.S.  Army  Research  and  Developmen 
Support  Activity 
Fort  Monmouth,  NJ  07703 


Chief,  Benet  Weapons  Laboratory 
LCWSL,  USA  ARRADCOM 
ATTN:  DRDAR-LCB-TL 
Watervliet  Arsenal,  NY  12189 

Commander 

Man-Machine  Integration  System 
Code  602 

Naval  Air  Development  Center 
Warminster,  PA  18974 


Commander 

Naval  Air  Development  Center 
ATTN:  Code  6021  (Mr.  Brindle) 

Warminster,  PA  18974 

Commanding  Officer 
Naval  Medical  Research 

and  Development  Command 
National  Naval  Medical  Center 
Bethesda,  MD  20014 

Director 

Army  Audiology  and  Speech  Center 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5001 
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COL  Franklin  H.  Top,  Jr.,  MD 
Walter  Reed  Army  Institute 
of  Research 

Washington,  DC  20307-5100 


HQ  DA  (DASG-PSP-0) 
Washington,  DC  20310 


Naval  Research 

Laboratory  Library 
Code  1433 

Washington,  DC  20375 

Harry  Diamond  Laboratories 
ATTN:  Technical  Infor¬ 
mation  Branch 
2800  Powder  Mill  Road 
Adelphi ,  MD  20783-1197 


U.S.  Army  Materiel  Systems 
Analysis  Agency 
ATTN:  Reports  Processing 
Aberdeen  proving  Ground 
MD  21005-5017 


U.S.  Army  Ordnance  Center 
and  School  Library 
Building  3071 
Aberdeen  Proving  Ground, 
MD  21005-5201 


U.S.  Army  Environmental  Hygiene 
Agency  Laboratory 
Building  E2100 
Aberdeen  Proving  Ground, 

MD  21010 


Technical  Library 
Chemical  Research 

and  Development  Center 
Aberdeen  Proving  Ground, 
MD  21010-5423 


Commander 

U.S.  Army  Institute 
of  Den' »1  Research 
Walter  Reer  Army  Medical  Center 
Washington,  DC  20307-5300 

Naval  Air  Systems  Command 
Technical  Air  Library  950D 
Rm  278,  Jefferson  Plaza  II 
Department  of  the  Navy 
Washington,  DC  20361 

Naval  Research  Laboratory  Library 
Shock  and  Vibration  Infor¬ 
mation  Center,  Code  5804 
Washington,  DC  20375 

Director 

U.S.  Army  Human  Engineer¬ 
ing  Laboratory 
ATTN:  Technical  Library 
Aberdeen  Proving  Ground, 

MD  21005-5001 

Commander 
U.S.  Army  Test 

and  Evaluation  Command 
ATTN :  AMSTE-AD-H 

Aberdeen  Proving  Ground, 

MD  21005-5055 

Director 

U.S.  Army  Ballistic 
Research  Laboratory 
ATTN:  DRXBR-OD-ST  Tech  Reports 

Aberdeen  Proving  Ground, 

MD  21005-5066 

Commander 

U.S.  Army  Medical  Research 

Institute  of  Chemical  Defense 
ATTN:  SGRD-UV-AO 

Aberdeen  Proving  Ground, 

MD  21010-5425 

Commander 

U.S.  Army  Medical  Research 
and  Development  Command 
ATTN:  SGRD-RMS  (Ms.  Madigan) 

Fort  Detrick,  Fredrick,  Ml)  21701 
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Commander 

U.S.  Army  Medical  Research 

Institute  of  Infectious  Diseases 
Fort  Detrick,  Frederick, 

MD  21701 


Director,  Biological 
Sciences  Division 
Office  of  Naval  Research 
t>00  North  Quincy  Street 
Arlington,  VA  22217 

Commander 

U.S.  Army  Materiel  Command 
ATTN:  AMCDE-S  (CPT  Broadwater) 

5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Commandant 
U.S.  Army  Aviation 
Logistics  School 
ATTN:  ATSQ-TDN 

Fort  Eustis,  VA  23604 

U.S.  Army  Training 

and  Doctrine  Command 
ATTN:  ATCD-ZX 
Fort  Monroe,  VA  23651 

Structures  Laboratory  Library 
USARTL-AVSCOM 

NASA  Langley  Research  Center 
Mail  Stop  266 
Hampton,  VA  23665 

Naval  Aerospace  Medical 
Institute  Library 
Bldg  1953,  Code  102 
Pensacola,  FL  32508 

Command  Surgeon 
U.S.  Central  Command 
MacDill  Air  Force  Base 
FL  33608 


Air  University  Library 
(AUL/LSE) 

Maxwell  AFB,  AL  36112 


Commander 

U.S.  Army  Medical  Bioengineering 
Research  and  Development  Lab 
ATTN:  SGRD-UBZ-I 

Fort  Detrick,  Frederick, 

MD  21701 

Defense  Technical 

Information  Center 
Cameron  Station 
Alexandria,  VA  22313 


U.S.  Army  foreign  Science 
and  Technology  Center 
ATTN:  MTZ 

2 2 C  7th  Street,  NE 
Charlottesville,  VA  22901-5396 

Director, 

Applied  Technology  Laboratory 
USARTL-AVSCOM 

ATTN:  Library,  Building  401 
Fort  Eustis,  VA  23604 

U.S.  Army  Training 

and  Doctrine  Command 
ATTN :  Surgeon 

Fort  Monroe,  VA  23651-5000 

Aviation  Medicine  Clinic 

TMC  #22,  SAAF 

Fort  Bragg,  NC  28305 


U.S.  Air  Force  Armament 

Development  and  Test  Center 
Eglin  Air  Force  Base,  FL  32542 


U.S.  Army  Missile  Command 
Redstone  Scientific 
Information  Center 
ATTN:  Documents  Section 

Redstone  Arsenal,  AL  35898-5241 

U.S.  Army  Research  and  Technology 
Labortories  (AVSCOM) 

Propulsion  Laboratory  MS  302-2 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135 
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AFAMRL/HEX 

Wright-Patterson  AFB,  OH  45433 


University  of  Michigan 
NASA  Center  of  Excellence 
in  Man-Systems  Research 
ATTN:  R.  G.  Snyder,  Director 
Ann  Arbor,  MI  48109 

John  A.  Dellinger,  MS,  ATP 
University  of  Illinois- 
Willard  Airport 
Savoy,  IL  61874 


Project  Officer 

Aviation  Life  Support  Equipment 
ATTN:  AMCPO-ALSE 
4300  Goodfellow  Blvd. 

St.  Louis,  MO  63120-1798 


Commander 

U.S.  Army  Aviation 

Aviation  Systems  Command 
ATTN:  DRSAV-ED 
4300  Goodfellow  Blvd 
St.  Louis,  MO  63120 


Commanding  Officer 

Naval  Biodynamics  Laboratory 

P.O.  Box  24907 

New  Orleans,  LA  70189 


U.S.  Army  Field  Artillery  School 
ATTN :  Library 

Snow  Hall,  Room  14 
Fort  Sill,  OK  73503 


Commander 

U.S.  Army  Health  Services  Command 
ATTN:  HSOP-SO 

Fort  Sam  Houston,  TX  78234-6000 


U.S.  Air  Force  Institute 

of  Technology  (AFIT/LDEE) 
Building  640,  Area  B 
Wright-Patterson  AFB,  OH  45433 

Henry  L.  Taylor 

Director,  Institute  of  Aviation 
University  of  Illinois- 
Willard  Airport 
Savoy,  IL  61874 

Commander 

U.S.  Army  Aviation 
Systems  Command 
ATTN:  DRSAV-WS 
4300  Goodfellow  Blvd 
St.  Louis,  MO  63120-1798 

Commander 

U.S.  Army  Aviation 
Systems  Command 
ATTN:  SGRD-UAX-AL  (MAJ  Lacy) 

4300  Goodfellow  Blvd. ,  Bldg  105 
St.  Louis,  MO  63120 

U.S.  Army  Aviation 
Systems  Command 
Library  and  Information 
Center  Branch 
ATTN:  DRSAV-DIL 

4300  Gocdfellow  Blvd 
St.  Louis,  MO  63120 

Federal  Aviation  Administration 
Civil  Aeromedical  Institute 
CAMI  Library  AAC  64D1 
P.O.  Box  25082 
Oklahoma  City,  OK  73125 

Commander 

U.S.  Army  Academy 

of  Health  Sciences 
ATTN :  Library 

Fort  Sam  Houston,  TX  78234 

Commander 

U.S.  Army  Institute 

of  Surgical  Research 
ATTN:  SGRD-USM  (Jan  Duke) 

Fort  Sam  Houston,  TX  78234-6200 
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Director  of  Professional  Services 
AFMSC/GSP 

Brooks  Air  Force  Base,  TX  78235 


U.S.  Army  Dugway  Proving  Ground 
Technical  Library 
Bldg  5330 
Dugway,  UT  84022 

U.S.  Army  Yuma  Proving  Ground 
Technical  Library 
Technical  Library 
Yuma,  AZ  85364 


AFFTC  Technical  Library 
6520  TESTG/ENXL 
Edwards  Air  Force  Base, 
CAL  93523-5000 


Commander 
Code  3431 

Naval  Weapons  Center 
China  Lake,  CA  93555 


Aeromechanics  Laboratory 
U.S.  Army  Research 
and  Technical  Labs 
Ames  Research  Center, 

M/S  215-1 

Moffett  Field,  CA  94035 

S ixth  U.S.  Army 
ATTN:  SMA 

Presidio  of  San  Francisco, 

CA  94129 

Commander 

U.S.  Army  Aeromedical  Center 
Fort  Rucker,  AL  36362 


Directorate 

of  Combat  Developments 
Bldg  507 

Fort  Rucker,  AL  36362 


U.S.  Air  Force  School 
of  Aerospace  Medicine 
Strughold  Aeromedical  Library 
Documents  Section,  USAFSAM/TSK-4 
Brooks  Air  Force  Base,  TX  78235 

Dr.  Diane  Damos 
Department  of  Human  Factors 
ISSM,  USC 

Los  Angeles,  CA  90089-0021 

U.S.  Army  White  Sands 
Missile  Range 

Technical  Library  Division 
White  Sands  Missile  Range, 

NM  88002 

U.S.  Army  Aviation  Engineering 
Flight  Activity 
ATTN:  SAVTE-M  (Tech  Lib) 

Stop  217 

Edwards  Air  Force  Base, 

CA  93523-5000 

U.S.  Army  Combat  Developments 
Experimental  Center 
Technical  Information  Center 
Bldg  2925 

Fort  Ord,  CA  93941-5000 
Commander 

Letterman  Army  Institute 
of  Research 

ATTN:  Medical  Research  Library 

Presidio  of  San  Francisco, 

CA  94129 

Director 

Naval  Biosciences  Laboratory 
Naval  Supply  Center,  Bldg  844 
Oakland,  CA  94625 

Commander 

U.S.  Army  Aviation  Center 
and  Fort  Rucker 
ATTN:  ATZQ-CDR 

Fort  Rucker,  AL  36362 

Directorate 

of  Training  Development 
Bldg  502 

Fort  Rucker,  AL  36362 
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Chief 

Army  Research  Institute 
Field  Unit 

Fort  Rucker,  AL  36362 
Commander 

U.S.  Army  Safety  Center 
Fort  Rucker,  AL  36362 


U.S.  Army  Aircraft  Development 
Test  Activity 
ATTN :  STEBG-MP-QA 

Cairns  AAF 

Fort  Rucker,  AL  36362 
Chief 

Defence  and  Civil  Institute 
of  Environmental  Medicine 
P.0.  Box  2000 
ATTN:  Director  MLSD 

Downsview,  Ontario  Canada  M3M  3B9 

Staff  Officer,  Aerospace  Medicine 
RAF  Staff,  British  Embassy 
3100  Massachusetts  Avenue,  NW 
Washington,  DC  20008 


Canadian  Society 

of  Aviation  Medicine 
c/o  Academy  of  Medicine,  Toronto 
ATTN:  Ms.  Carment  King 
288  Bloor  Street  West 
Toronto,  Canada  M55  1V8 

Canadian  Forces 

Medical  Liaison  Officer 
Canadian  Defence  Liaison  Staff 
2450  Massachusetts  Avenue,  NW 
Washington,  DC  20008 

Officer  Commanding 
School  of  Operational 
and  Aerospace  Medicine 
DCIEM  P.O.  Box  2000 
1133  Sheppard  Avenue  West 
Downsview,  Ontario,  Canada  M3M  3B9 


Chief 

Human  Engineering  Laboratory 
Field  Unit 

Fort  Rucker,  AL  36362 
Commander 

U.S.  Army  Aviation  Center 
and  Fort  Rucker 
ATTN:  ATZQ-T-ATL 

Fort  Rucker,  AL  36362 

President 

U.S.  Army  Aviation  Board 
Cairns  AAF 

Fort  Rucker,  AL  36362 


USA  Medical  Liaison  Officer 
U.S.  Embassy  Box  54 
ATTN:  US ADO- AM LO 
FPO  New  York  09509 


HQ,  Department  of  the  Army 
Office  of  The  Surgeon  General 
British  Medical  Liaison  Officer 
DASG-ZX/COL  M.  Daly 
5109  Leesburg  Pike 
Falls  Church,  VA  22401-3258 

Canadian  Airline  Pilot's 
Association 

MAJ  (Retired)  J.  Soutendam 
1300  Steeles  Avenue  East 
Brampton,  Ontario,  Canada  L6T  1A2 


Commanding  Officer 

404  Squadron  CFB  Greenwood 

Greenwood,  NS,  Canada  BOP  1N0 


National  Defence  Headquarters 
101  Colonel  By  Drive 
ATTN :  DPM 

Ottawa,  Ontario,  Canada  K1A  0K2 
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Commanding  Officer 
Headquarters,  RAAF  Base 
Point  Cook  Victoria, 

Australia  3029 

Netherlands  Army  Liaison  Office 

Buildingg  602 

Fort  Rucker,  AL  36362 

British  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 


Canadian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 


German  Army  Liaison  Office 

Buildingg  602 

Fort  Rucker,  AL  36362 

French  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 
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